INTRODUCTION
Thousands of artificial reefs have been constructed around the world since their effectiveness in the enhancement of fisheries was revealed by the Japanese in the late 18th century (Stone et al., 1991) . Most artificial reef studies have, however, overlooked biogeographical changes. With respect to finfish, ecological questions addressed were associated with the rate of recruitment of autochtonous fishes and interactions among them, such as competition and predation (e.g., Bohnsack et al., 1991 , Bortone et al., 1994 Santos et al., 1997) . Due to technological developments and large-scale engineering projects, however, there are certain marine regions where man has induced considerable biogeographical changes, as reflected in the marine biota. One of the best examples of such a process is the Levant basin in the southeastern Mediterranean. The opening of the Suez Canal in 1869 initiated a significant event, the joining of two biogeographical provinces, the Red Sea and the Mediterranean. SUMMARY: Species composition and numbers of bony fish were studied in a small artificial reef complex off the northern Mediterranean coast of Israel. On this site visual censuses of fish carried out by SCUBA divers once a month over a twelve month period in 1985-6 and again in 1995 showed that only one species of fish and one species of macro-invertebrate were added in 1995 to a total of 36 species of fish and four macro-invertebrates counted ten years earlier. Of the fish species recorded on the artificial reef 18.7% were Lessepsian migrants from the Red Sea, passing to the eastern Mediterranean through the Suez canal; 75.7% were of Atlanto-Mediterranean origin. The contribution of Red Sea species to the overall fish biomass in the artificial reef complex however, increased from 64% in 1985-6 to 94% in 1995. The change was due mainly to a significant increase (244%) in the population of the Red Squirrelfish Sargocentron rubrum and a decrease in the population of sparids (41-90%) and Dusky Grouper, Epinephelus marginatus (44.8%). Similar increases in Red Sea immigrants were reported by coastal fisheries and observed in other artificial and natural outcrops. One possible explanation for this phenomenon is the competitive exclusion of autochtonous species by a successful Lessepsian migrant, taking over spatial and perhaps food resources. Over-fishing of the commercially important groupers and sparids may provide an alternative explanation for this biomass change in the ichthyofauna. In view of these findings, artificial reefs are suggested as representative sites for observations on long-term ecological changes in bony fish populations.
fishes (Golani, 1996) , within a total of 636 bony fish species recorded in the Mediterranean (Fredj and Maurin, 1987) and 410 species known in the eastern Levant basin (Golani, 1996) . These Red Sea migrants managed to cross the canal and penetrate the Mediterranean in a process termed "Lessepsian migration" (after Ferdinand Marie de Lesseps, the French diplomat and engineer who built the canal) (Por, 1978 (Por, , 1989 . The process of Lessepsian migration is a dynamic one and still continues (Por, 1989; Spanier and Galil, 1991) . How do these continuous biogeographical changes affect the species composition and biomass of bony fish recruited to artificial reefs? Ecological changes occur over space and time. It is not unusual that these changes are detectable only after a relatively long time scale, in an order of magnitude of many years. Can changes of this nature be detected in an artificial reef over a decade? This aspect was investigated in an experimental artificial reef complex off the Mediterranean coast of northern Israel.
MATERIALS AND METHODS
A small artificial reef complex made of car tyres was used in this study. Tyres were chosen due to their low cost, durability and open structure, that are advantages in the construction of marine habitats for fish and macro invertebrates. Four artificial reef units were constructed from used car tyres of 32 cm inner diameter, 65 cm outer diameter and 17 cm width, connected by 18 mm thick steel bars and weighted with concrete poured into the bottom part of the lowest layer of tyres. The units were designed in various configurations (horizontal, vertical and mixed) to assess the differential recruitment of the various species to different structural components of the reefs. The reef units were deployed in fall 1983 at a depth of 18.5 m, 1,700 m southwest of the Israel National Institute of Oceanography, Tel-Shiqmona, Haifa, Israel (32°50' N, 34°56'). The placement site was a flat area on the sea bed consisting of low biogenic rocks (not higher than 20 cm) and coarse sand, [for additional details on these reef units, and differential recruitment of fish and macro-invertebrates to the reefs' components see Spanier (1989 Spanier ( , 1997 , Spanier et al., (1985a Spanier et al., ( , 1985b Spanier et al., ( , 1988 Spanier et al., ( , 1989 Spanier et al., ( , 1990 ]. Before the deployment of the reefs, fishes were sampled monthly using trammel nets. This sampling was done on a natural low coralligeneous substrate at a similar depth and in the general area of the artificial reefs . A visual census of bony fish was made during daylight (Russell et al., 1978) . The censuses were carried out once a month via SCUBA diving by a team of four experienced biologists familiar with the ichthyofauna of the reef. Each census lasted 50 minutes (maximum nondecompression bottom time at this depth). Two divers covered each reef unit and their data were compared and averaged to yield the final result for each reef unit per census. Censuses were done dur-280 E. SPANIER TABLE 1. -Species of bony fish and macro-invertebrates found in the artificial reef complex during 1985-6 census and those added during 1995 censuses *. Common and Latin names of fishes are according to Lythgoe and Lythgoe (1992) and Whitehead et al. (1984 Whitehead et al. ( , 1986a Whitehead et al. ( , 1986b , while those of invertebrates are according to Campbell (1982 
Painted Spanier et al., (1985a) was done during these periods. Fishes were identified and their sizes (TL) were estimated visually and recorded underwater. Species identification was based on Whitehead et al. (1984 Whitehead et al. ( , 1986a Whitehead et al. ( , 1986b and Lythgoe and Lythgoe (1992) . Biomass estimations were obtained by multiplying the average weight of a given species in a given size range, by the number of fish of this species censused in this size range in the reef. Information regarding weight was derived from the trammel net sampling, as well as from commercial fishing in the same region.
RESULTS
The list of species of fish and macro-invertebrates observed on the artificial reef complex during the 1985-86 and 1995 censuses is presented in Table  1 . Thirty-six species of bony fishes and four macroinvertebrates were counted in the artificial reefs in 1985-86. Thirty-seven species of bony fishes and five macro-invertebrates were observed in 1995.
The majority of species recorded on the artificial reef are of Atlanto-Mediterranean origin ( Fig. 1) and this ratio changed minimally in the last ten years by the addition of only one Lessepsian fish species. Most of the fish biomass was contributed, however, by relatively large fish (T.L. > 15 cm) belonging to 8 autochtonous and Lessepsian species common in the man-made reefs (Table 2) . Although the average sizes of large fishes did not change considerably in the decade, a substantial increase in the contribution of Red Sea fishes to the biomass of the reefs was detected (Fig. 1) . This increase was also reflected in the percentage of the estimated biomass (Table 2) . According to these estimations, the contribution of Red Sea migrant species has increased from an aver- (Fig. 2) , with a corresponding decrease in the number of indigenous groupers and Mediterranean sparids (Table 2) . There was an 8.1% increase in the total number of large fish (and the total estimated biomass) in the artificial reef complex over the decade (Table 2 ).
DISCUSSION
The percentage of Red Sea species in the studied artificial reef ichthyofauna has increased from 16.7% in 1985-6 to 18.9% in 1995. This is somewhat higher than the relative reported contribution of Lessepsian species to the overall fish species in the Levant basin (13.4%; Golani, 1996) . The most obvious change in the ichthyofauna of the artificial reef complex over the decade is, however, the increase in the contribution of Red Sea species to the overall fish biomass in the man-made complex. In 1985-6 Red Sea species contributed 64% of the large fish in the artificial reef (compared to 46% in a natural coralligeneous habitat according to Spanier et al., 1989) . Within ten years this contribution has increased to 94% of the large fish in the reef (Fig. 1 ), compared to a relatively small increase (8.1%) in the total number of fish observed in the reef over time (Table 2) . No structural changes took place in the reef units during this decade. Thus, the increase can clearly be attributed to a significant enlargement of the population of the Red Squirrelfish S. rubrum (increase of 244%) and a decrease in the populations of the sparids (41-90%) and the Dusky Grouper, Epinephelus marginatus (Lowe) (formerly E. guaza L.) (44.8%) ( Table 2 ). There was a small decrease in the number of Rabbitfishes found in the reef over time, of 14.6% for Siganus luridus (Rüppell) and of 17.3% for S. rivulatus (Forsskål). These small declines, together with the small increase in the numbers of Golden Grouper, E. alexandrinus Valenciennes (Table 2 ) may be due to annual or random fluctuations in local abiotic or biotic conditions. The significant increase in the number of Red Squirrelfish (that more than compensated for the small decrease in the number of the Red Sea Rabbitfishes) in conjunction with the decrease in the numbers of sparids and Dusky Groupers, however, may be associated with a more wide-spread phenomenon. This assumption is supported by reports of an increase in the amount of Squirrelfish in fishery yields and a decrease in the catch of sparids and groupers along the Mediterranean coast of Israel (Pisanty, personal communication, 1996) , in addition to our observations of other artificial and natural hard bottom habitats off the northern coast of Israel. The present abundance of Squirrelfish caught in trammel nets operating on hard substrates of the shallow conti-nental shelf of Israel exceeds the value of 8.7% reported by Spanier et al. (1989) for the yield using the same fishing equipment. This species is not a target species in the Israeli coastal fishery.
It is possible that we are witnessing a process of competitive exclusion similar to the interrelations between other Lessepsian migrants and Mediterranean species sharing similar ecological niches (Por, 1978 (Por, , 1989 Spanier and Galil, 1991) . S. rubrum is a successful migrant and an ecological generalist even in its feeding habits . Thus, it is able to compete successfully with the more specialist, autochtonous Mediterranean species. Over-fishing of the commercially important Dusky Groupers, and to a lesser extent of commercial sparids may supply an alternative or additional explanation to this biomass change in the ichthyofauna. The price of E. marginatus in the Israeli market exceeds $20 per kg and fishing pressure on this species is enormous. This highly valued fish is caught not only in nets and long-lines by professional fishermen but also via spear fishing by SCUBA divers. There is a great selection pressure to catch larger groupers. The Squirrelfish, despite being occasionally found in the yield of the Mediterranean coastal fisheries as a by-catch of other commercial species, has no demand in the Israeli market because of its heavy scales.
The Squirrelfish is not occupying "empty ecological niches" in the Mediterranean, at least in regard to habitat. Spanier et al. (1990) studied habitat preference of large bony fishes and macro-invertebrates in the same artificial reef complex as in the present study. They found that in the reef units 73.2% of S. rubrum were found in the bottom part of the reef (up to 90 cm above the bottom), as well as 88.5% of the sedentary E. marginatus and 62.7% of Diplodus sargus. These habitat preferences are also known from natural rocky bottoms (Whitehead et al., 1984 (Whitehead et al., , 1986a (Whitehead et al., , 1986b Lythgoe and Lythgoe, 1992) . Thus, these species may compete for holes and crevices in rocky outcrops, especially when such spatial resources are limited, as in the case of the south-eastern Mediterranean (Spanier et al., 1988 (Spanier et al., , 1990 . The fact that the above 3 species overlap in their depth distribution in the shallow continental shelf (10-50m) (Whitehead et al., 1984 (Whitehead et al., , 1986a may enhance this competition.
S. rubrum and E. marginatus may also compete on food resources since they share similar diets, despite the fact that the former is more crepuscular while the latter seems to be more diurnal. Red Squirrelfish feed on crustaceans, polychaetes worms, molluscs and fish , Ben-Eliyahu et al., 1983 while Dusky Groupers feed on molluscs, crustaceans and fish (Lythgoe and Lythgoe, 1992) . We do not know however, to what extent their food resources are limited to justify competition. Por (1989) refers to a report by Sorbini of Sargocentron cf. rubrum from the lower and middle Pliocene stating that this species is known in the Miocene Mediterranean basin. He suggests that it must have survived the Messinian salinity crisis in place. Not surprisingly, remarks Por (1989) , this species was among the first species to recolonize the Mediterranean. The present study provides additional evidence for the competitive nature of the Red Squirrelfish.
Seaman (1995) outlined five main purposes of artificial reefs: commercial fishing, recreational fishing, SCUBA diving sites, environmental restoration and management.
In view of the findings of the present study, a sixth purpose of man-made artificial reef can be added, the use of these structures as indicators for long-term ecological changes, at least among bony fishes.
